ABSTRACT: The industrial quality of grain is an important parameter to determine the commercial value of rice and can be influenced by water availability and type of cultivar. The present study aimed to evaluate the milling yield as well as the protein and nutrient contents of polished grains originated from two upland rice cultivars grown under rainfed and sprinkler-irrigated conditions. A randomized block design was used in a split-plot arrangement with eight replicates. Plots consisted of two cropping systems (rainfed and sprinkler-irrigated) with subplots consisting of two cultivars recommended for upland ecosystems (IAC 201 and Carajás). The sprinkler irrigation system increased upland rice milling (8.0%) and head rice yield (23.7%), for years with hot and dry weather spells occurring during the reproductive and maturation stages. Under conditions of lower water availability, the Carajás cultivar showed a milled yield value 5.1% higher than that of cultivar IAC 201. Lower water availability provided increases in protein, N, P, Ca, Mg, Fe, and Zn contents but reductions in S and Cu in the polished grains. Cultivars IAC 201 and Carajás had similar nutrient contents in the polished grains. 
INTRODUCTION
In addition to low yield, upland rice grown under the dryland system in general presents lower grain quality when compared to grains originating from lowland systems. A major reason for this, aside from causes due to genetic variability, is the frequent periods of water deficiency the plant is exposed to during the cycle, in highly productive regions (Crusciol et al., 1999b) .
The presence of broken grains in a rice lot is an undesirable characteristic, since it decreases quality and economic value, and also leads to a reduction of the milling yield since small grains may be thrown away along with the hulls (Crusciol et al., 1999a) . Grain breakage, verified during the milling process, is caused by cracks or weaker regions in the grains, and occurs especially during the hulling process and when the grains are polished (Crusciol et al., 1999b) . Variety traits, inadequate crop management as well as weather conditions (temperature, humidity, and precipitation) may influence milling yield and broken-grain ratio, decreasing the product's physical quality (Chen & Kunze, 1983; Srinivas & Bhashyam, 1985) .
Besides representing a means of minimizing crop loss risk and improving productivity in upland ecosystems, sprinkler irrigation may also allow higher quality grains to be obtained, since the grain filling process is continuous, leading to higher head rice and threshed-grain yields, consequently reducing brokengrain yield (Oliveira, 1994) , especially in years with the occurrence of hot and dry weather spells (Rodrigues, 1998; Arf et al., 2002) . In addition, rice nutritional quality is also strongly influenced by the environment.
In the context of sprinkler-irrigated crop systems, information is still scarce regarding upland-rice grain-nutrient content and industrial quality. Therefore, the present work aimed to evaluate milling yield and protein and nutrient contents in polished grains of cultivars IAC 201 and Carajás under rainfed and sprinkler-irrigated conditions.
MATERIAL AND METHODS
This work was performed under field and laboratory conditions, where grains from experiments carried out in field conditions were used, in the cropping seasons of 1994/95 and 1995/96 in Selvíria State of Mato Grosso do Sul, Brazil (51º22' W, 20º22' S, at altitude 335 m). The chemical characteristics of the clayey-textured Typic Haplustox at the experiment site (Table 1) were established before the experiment, according to the methodology proposed by Raij & Quaggio (1983) . The mean annual rain precipitation is 1,370 mm, the mean annual temperature is 23.5ºC and the relative air humidity ranges from 70 to 80%.
A randomized complete block design, in a split-plot scheme and eight replications was used. Plots consisted of two cultivation systems (rainfed and sprinkler-irrigated) with subplots consisting of two cultivars recommended for upland ecosystems (IAC 201 and Carajás) . The distance between plots was 8 m. Each subplot consisted of six rows of plants, six meter length, spaced 0.40 m between rows. Only the four central rows were usable areas, whereas 0.50 m of the edge of each row of plants and the two outer rows were considered border.
IAC 201 cultivar in the state of Mato Grosso do Sul presents the following primary characteristics: medium size, precocious cycle, long and slender grain type, translucent and high-yield whole grains in milling with an insignificant chalk and outstanding culinary qualities. Carajás cultivar shows size and cycle similar to IAC 201 cultivar, although it shows better plant architecture, higher finishing and water deficiency tolerance and long grain type (Bazoni et al., 1995) .
During the experiment, the minimum and maximum air temperatures were daily determined at the weather station, 500 m distant from the experimental location. The rainfall was determined with a Ville de Paris raingange installed at the center of the experimental area. Weather elements are shown in Figure 1 . In order to establish treatments under sprinkler irrigation, the available water capacity (AWC), in mm was determined by the following equation: AWC=[(FC-WPP)/100].d.h, where FC is the field capacity (%); WPP is the wilt permanent point (%); d is the soil density (1,250 kg m -3 ); h is the rooting effective depth (0.20 m). In this way, the employed AWC of the soil was established as 14.80 mm.
In sprinkler-irrigated treatments, the water supply was conveyed by a fixed conventional sprinkler system, with outflow of 3.3 mm hour -1 . The irrigations were performed every time the crop maximum evapotranspiration (ETm) reached 8.25 mm, in other words, 45% of the AWC. The ETm was estimated from the equation: ETm = Kc.ETo; where ETm = The water evaporation (mm) was daily obtained from a Class A pan. The Class A pan coefficient (Kp) was the one proposed by Doorenbos & Pruitt (1976) , calculated according to the surrounding area, wind speed and relative humidity. Different Kc values were employed in the different crop development periods, according to Reichardt (1987) (
Values in parentheses are crop stage duration in days.
flowering; 1.3 for the period 11 to three days before flowering; 1.0 for the period from three days to five days after flowering; and 0.7 for the period between five and 12 days after flowering. The amount and distribution of the water received by the rice crop are shown in Table 2 . Soil was tilled and two leveling disks employed, the first one soon after the soil tilling and the second shortly before the sowing. The mineral fertilization, during the two cropping seasons, was made by applying into the sowing furrow using 12 kg ha -1 of N, 90 kg ha When approximately 90% of panicles had grains of typical mature coloration, manual harvest was carried out. Panicles were left to dry in the sun for one or two days and later submitted to mechanical threshing in a research plot thresher.
From each subplot, one sample of 100 g of hulled rice grains was collected, and a (SUZUKI) proof mill model MT was used for 1 minute; then the polished grains were weighed and the found values were considered the milling yield percentage. Later, the polished grains were placed in a "trieur" 2 and the grains separated for 30 seconds. The grains that remained in 
1995/96
the "trieur" were weighed to determine percentages of head rice yield and broken grains.
In 1995/96, the polished grains were dried in an oven at 105ºC, after which grains milling were ground (to pass a 40-mesh stainless steel screen) and subjected to nutrient content determinations. Nitrogen was analyzed by acid sulfuric digestion and later quantification by semi-micro-Kjeldahl method (Bataglia et al., 1983) . Analyses of P, K, Ca, Mg, S, Fe, Zn, Cu, and Mn contents were performed following to nitricperchloric acid digestion (Bataglia et al., 1983) . Polished-grain protein content was calculated by multiplying the nitrogen content by the factor 5.95.
Data were submitted to analysis of variance and the means compared by LSD (p ≤ 0.05) test.
RESULTS AND DISCUSSION
During the first cropping season, milled grain yield was influenced by cropping system and cultivar as well as by the interaction between these factors (p ≤ 0.05) ( Table 3 ). Based on partitioned interaction observations (Table 4) , it was verified that under rainfed conditions the Carajás cultivar showed a milled yield value 5.1% higher than that of cultivar IAC 201, corroborating Oliveira (1994) and Crusciol (1998) , who verified a contrasting performance of those cultivars in terms of response to sprinkler irrigation. The lower tolerance to water deficit shown by the IAC 201 cultivar can be explained by the fact that this cultivar originated from a cross between cultivar IAC 165 (recommended for upland crops) and cultivar Labelle (recommended for deepwater rice crops) (Arf et al., 2002) . Sprinkler irrigation provided higher milling yields in both cultivars, both during the 1994/95 cropping season and the following year, indicating that water supplied through sprinkler irrigation may have promoted root growth, allowing better plant nutrition and grain filling, increasing milling yield, and allowing a continuous supply of water during periods when no precipitation was available (dry and hot weather spells, locally known as "veranicos"). Increased milling yields for all studied cultivars under sprinkler irrigation were also observed by Rodrigues (1998) and Arf et al. (2002) .
Head rice yield indicates the weight of whole grains obtained after industrial processing. This is one of the most important parameters in rice commercial value determination (Arf et al., 2002) . There was a cropping system effect on this characteristic only in the first year of the experiment (p ≤ 0.05) ( Table 3) . Sprinkler irrigation provided higher head rice yields in both cultivars. Therefore, adequate soil water availability enhances water and nutrient absorption as well as photosynthate translocation into the grains, allowing continuous grain filling and adequate development. Although water availability during the cycle was higher in the first year (Table 2) , the occurrence of dry and hot weather spells, especially during the stage just before flowering and during the maturation stage (Figure 1) , may have affected perfect grain development in the rainfed system, since the irrigation effect on grain development occurs, in some cases, well before that stage, promoting increased root growth and improved nutritional status, affecting grain filling dynamics. Rice chalkiness ratio and percentage of unfilled grains significantly increase when water deficits occur during the panicle emission and grain filling stages (Stermer, 1968) . Well-developed grains show higher head rice yield, due to higher resistance to shocks and vibrations caused by harvest and industrial processing (Arf et al., 2002) . The cultivars showed similar head rice yield values, though these may vary due to genetic characteristics (Chen & Kunze, 1983; Srinivas & Bhashyam, 1985) . 6 9 / 5 9 9 1 5 9 / 4 9 9 1 6 9 / 5 9 9 1 5 9 / 4 9 9 1 6 9 / 5 9 9 1 
Table 4 -Cropping system versus cultivar interaction, partitioned from the analysis of variance for total milled rice (%). 1994/95 cropping season.
Means followed by the same lower case letter in the columns, and upper case letters in the rows are different by the LSD test (p ≤ 0.05). 
Means followed by different letters in the columns, for each factor, are different by the LSD test (p ≤ 0.05).
Broken-grain yield was not influenced by cropping system in either experimental year (p ≤ 0.05) ( Table 3 ). In the 1994/95 cropping season, cultivar IAC 201 presented lower broken-grain yield, a characteristic not influenced by cultivar in the second cropping year.
The variation in rice nutritional quality is mainly due to genetic characteristics of the cultivars and key environmental factors (soil and weather), and consequently is also influenced by irrigation (water availability) (Barbosa Filho & Fonseca, 1994; Nanda & Coffman, 1979) . However, the rainfed treatments provided grains with increased protein, N, Ca, Mg, Fe, and Zn (Table 5) , which may be explained by a dilution effect, since productivity was higher for sprinkler-irrigated (3,727 kg ha -1 ) that in rainfed systems (2,516 kg ha -1 ). Crusciol et al. (2003a; b) also verified smaller contents of those nutrients and protein in the polished grains of rice in sprinkler-irrigated system. Protein contents observed in this work are smaller than reported by Angladette (1969) , however, larger than verified by Castro et al. (1999) .
Sulphur and copper levels were higher for grains obtained from sprinkler-irrigated systems, probably due to the fact that such treatment provides better conditions for nutrient absorption, especially during the grain filling stage. Similar results were verified by Crusciol et al. (2003a; b) .
Posphurus content in polished grains was affected by cropping system and by the interaction between cropping system and cultivar (Table 5 and 6). The rainfed treatments provided grains with higher P levels for both cultivars (Table 6 ). However, under rainfed conditions, cultivar IAC 201 showed increased P in grains, similarly to the Carajás cultivar in sprinkler-irrigated treatments.
Nutrient and protein contents in polished grains were similar for both cultivars, having difference only for Mn content (Table 5 ). The protein content average in polished grains of studied cultivars was of 80.0 g kg -1 . Frei & Becker (2004) , observed protein content in grains of upland rice cultivars ranging between 70 and 137 g kg -1 on a dry matter basis, with an average of 95 g kg -1 , which is higher than the average of the high yielding varieties (89 g kg -1 ). The higher Fe contents in grains are probably related to the soil type, which contains higher content of this element. Evaluating the polished grains of 286 genotypes of rice, Yang et al. (1998) verified great variation in the micronutrients contents, with the medium contents varying of 4.0 to 29.5 mg kg -1 of Fe, 8.2 to 95.0 mg kg -1 of Zn, 2.5 to 143.5 mg kg -1 of Cu, and 9.0 to 30.5 mg kg -1 of Mn. Although the cropping systems affected the levels of some nutrients, they did not disagree with regard to the nutrient content sequence found in the polished portion. On average between cropping systems, upland rice polished grains produced the following relative nutrient levels, in increasing order: N>Ca>P>S≥K>Mg>Zn>Fe>Mn>Cu, for both cultivars. 
CONCLUSIONS
For upland rice, sprinkler irrigation increased both milling and head rice yield, especially in years with the occurrence of moisture stress periods during the reproductive and maturation stages. Under lower water availability conditions, the Carajás cultivar presented higher milling yield as compared to cultivar IAC 201. Lower water availability promoted increased protein, N, P, Ca, Mg, Fe, and Zn levels and reduced S and Cu levels in polished grains. Cultivars IAC 201 and Carajás showed similar nutrient contents in the polished grains. Means followed by the same lower case letter in the columns, and upper case letters in the rows are different by the LSD test (p ≤ 0.05).
